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ABSTRACT
A river offers many benefits to people who live near it, including transportation, a source 
of food, waste disposal, and water resources for consumption. Because of these 
advantages many great cities were built around rivers impacting rivers in many ways. 
While the effects of urban development on water quality have long been studied, this 
study measures how development has caused streams to disappear from the landscape. It 
was observed that some streams were buried due to negative impacts of urbanization. 
Public safety and flood control were some of the reasons these streams were buried, but 
with the advent of green infrastructure (life-support systems like waterways, forest), 
renewed efforts are being made to open up these streams with the aim to incorporate 
them back into the essential infrastructure of the community. One of the solutions to 
restore buried streams to a more natural state is the process of daylighting. Daylighting 
projects deliberately expose some or all of a previously covered river channel. It liberates 
waterways that were buried in culverts or pipes, covered by decks, routed into 
underground stormwater drainages, or otherwise removed from view. Furthermore, 
daylighting re-establishes a waterway in its old channel where feasible, or in a new 
channel threaded between the buildings, streets, parking lots, and playing fields. 
Daylighting reintegrates the river back into the urban environment that caused the river to 
be buried in the first place. The restored habitat could also beautify the neighborhoods 
and improve water quality by providing a riparian buffer. The restored habitat after 
daylighting allows trees and vegetation which transpire and evaporate water, cooling the 
surface and the surrounding air. Daylighting could also add to property values because 
property values tend to be higher around water. Historical topographic maps of 
northeastern part of New Jersey were georeferenced and digitalized to identify potential 
daylighting project. The digitalized maps were compared to the modem stream network 
of New Jersey. The total number of streams digitalized was 287 with total length of 
231.8km. It was observed that more streams were buried in the Paterson and Plainfield 
quadrangles, and it is hypothesized that the greater increases in population density for 
these quadrangles caused more of the rivers to be buried. Complete daylighting of the 
streams may be unrealistic due to cost. Estimated cost of daylighting per km of buried 
stream is $3.1 million. The Plainfield map lost 126 km and would require $391 million to 
daylight. Cost also varies by how intensely the place is urbanized, so selected sites where 
benefits outweigh costs could be daylighted.
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Chapter One: Background to research
1.1 Introduction
The study of historical maps shows that many streams were buried in culverts.
The purpose of this study is to use historical topographic maps to determine where 
streams used to be and assess how many kilometers of streams have been buried in 
northeast New Jersey in the past 100 years approximately.
Historical maps record the geographical information of the land that existed at the 
time of the map’s creation. This information is fundamental to reconstructing past places 
because the maps hold information often retained by no other written source and often 
shows the land at a high level of detail (Rumsey and Williams, 2010). The information 
preserved in historic maps includes place-names, boundaries, and physical features that 
may have been modified or erased by modem development (Rumsey and Williams, 
2010). By comparing historical and modem maps, differences between the two time 
periods can be compared and changes in geographic features (roads, railroad tracks, 
urban areas, and streams) over time can be measured.
There are many reasons why many streams were buried. Rivers were a convenient 
way to dispose of sewage and stormwater in urban areas, which greatly diminish the 
water quantity and quality, and that culverting streams became an attractive solution that 
minimized the potential for human access to this dirty water (Pinkham, 2002). Culverting 
is the encasement of rivers in pipes and other man-made underground stmctures. Rivers 
can also be buried if topography is altered. Pittsburgh, Pennsylvania’s topography and 
industry contributed to the loss of exposed rivers because hillsides and hilltops were cut
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and valley bottoms were filled to create more level land for development and streams 
were culverted in the process (Pinkham, 2002).
One of the main reasons for river burial is urbanization, which can be defined as 
the increase in the number of people (population) residing in towns and cities due to 
population growth. Urbanization is a common problem, and “most major metropolitan 
areas face the growing problems of urban sprawl, loss of natural vegetation and open 
space, and a general decline in the extent and connectivity of wetlands and wildlife 
habitat” (Laymon, C, 2003). The increased human population affects the ecological 
structures of the cities and rivers were buried so as to allow for expansion of urbanized 
areas or to avoid associated health risks. In the 19th century San Francisco’s streams 
were diverted and sent underground into the sewer system to make room for development 
during the Gold Rush (Dearen, 2010).
One of the solutions to restore buried streams to a more natural state is 
daylighting. Daylighting projects deliberately expose some or all of a previously covered 
river channel. It liberates waterways that were buried in culverts or pipes, covered by 
decks, routed into underground stormwater drainages, or otherwise removed from view. 
Furthermore, daylighting re-establishes a waterway in its old channel where feasible, or 
in a new channel threaded between the buildings, streets, parking lots, and playing fields 
(Buchholz and Younos, 2007).
Many town and cities today are beginning to uncover some of their rivers for a 
variety of reasons. In some cases the pipes that encase the rivers were structurally 
unsound and must be replaced. Also, the volume of water flowing into the underground 
pipes has increased in some cases, and now, during times of intense precipitation, the
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pipes back up and water overflows onto streets and other places (National Park Service,
2002).
The highest concentration of daylighting activity can be found in the San 
Francisco bay area, California (Mason, 2001), and the daylighting of Strawberry Creek in 
Strawberry Park, Berkley, California in 1984 (Figure 1.1) is widely considered as the 
model of daylighting and it inspired many other projects. Douglas Wolfe (Pinkham, 
2000), who coined the word ‘daylighting”, proposed that an abandoned rail yard in West 
Berkeley could be transformed into a neighborhood park with a daylighted Strawberry 
Creek as the central element. The stream was designed for the 100-year storm event, and 
the creek has survived many large storms, including those of El Niño in 1998 (Pinkham, 
2000)
1.2 Significance
Streams are still being buried when new and large developments such as roads, 
parking lots and buildings cross streams at frequent intervals (Pinkham, 2002), even 
though there are many advantages to digging out a culvert and restoring its original river 
channel. Ecologically, river daylighting can improve riparian habitat adjacent to the 
stream channel (Buchholz and Younos, 2007). The restored habitat improves water 
quality by providing a riparian buffer and increasing biodiversity. The restored habitat 
could also beautify the neighborhoods and reconnect people to nature through the look, 
feel, and smell of open water and riparian vegetation, and through contact with aquatic 
animals (Buchholz and Younos, 2007).
Another effect of urbanization is the urban heat island. Urban heat island is the 
increase in temperature of urban areas relative to surrounding area or area difference in
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surface and air temperatures between a city and its surroundings due to modification of 
the land surface and vegetation by urban development (Brundle and Hoppe, 1984).
Heating of pavements by sunlight has been suggested as one of the causes of “urban heat 
islands (Pomerantz et ah, 2000). For example, the dark surfaces such as asphalt can 
absorb more heat from the sun than the trees that provide shade that reduces temperature 
at the surface. The restored habitat after daylighting allows trees and vegetation to grow 
and these give off water by transpiration which evaporates and cools the surface and the 
surrounding air.
There are also economic reasons to daylight streams. Daylighting can be done to 
save money, as it is less expensive to daylight a stream than to replace an old, often 
collapsing culvert. Also, it is easier to monitor an open stream than the buried ones in 
case the stream becomes polluted (Pinkham, 2000).
Completion of daylighting project could lead to business development and 
investment along the newly opened waterway, as an exposed stream is aesthetically more 
appealing than a buried culvert. It could also add to property values because property 
values tend to be higher around water (Pinkham, 2000).
Flood control is another reason for daylighting because it reduces flood impacts 
by increasing storage capacity over that of a culvert (Buchholz and Younos, 2007). Some 
of the culverts may be too small when installed and they might not be able to handle 
increased amounts of water runoff from impervious surfaces. An area with watersheds 
having forests and pastures can absorb more rainfall into the permeable soils than 
impervious surfaces such as roads, parking lots, pavement and roofs. When natural land 
is altered, runoff will increase and infiltration decrease and rainfall that used to be
4
absorbed into the ground now must be collected by storm sewers that send the water 
runoff into local streams. These streams were not designed by nature to handle large 
amounts of runoff, and, thus, they can flood (USGS, 2010).
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Figure 1.1 Removal of the culvert at Strawberry Creek in Berkeley, California in 





The goal of the research is to map the location and river kilometers of potential 
daylighting project in northeast New Jersey. The methods that were used for this research 
work are divided into three: 1) Obtaining historical maps; 2) Using geographical 
information science (GIS) to georeference the maps, and 3) Calculating the daylighting 
projects in New Jersey by measuring historic and modem river networks.
2.2 Historical topographic Maps
The historical topographic maps used in this study were fifteen minute 
quadrangles created by the Geological Survey of New Jersey between 1898 and 1910 and 
were downloaded from http://historical.mvtopo.com (maps were downloaded August and 
September, 2010). The six fifteen minute quadrangles used in this study were Greenwood 
Lake, Paterson, Morristown, Staten Island, Ramapo, and Plainfield. The fifteen minute 
maps were divided into quarters (northeast, southeast, southwest, and northwest) by the 
website and were downloaded and georeferenced (Figures 2.1 and 2.2). For example, the 
Paterson, New Jersey, quadrangle was downloaded in four, slightly overlapping pieces: 
Paterson northeast, Paterson southeast, Paterson southwest, and Paterson northwest.
2.3 Georeferencing of historical maps
Geographic Information Science (GIS) is a set of computer tools that allows 
people to work with geographic data. Geographic data consists of information tied to a 
particular location on the earth (Price, 2010). The digitized and georeferenced form of the 
historical maps was used to study number of stream that had disappeared over 100 years.
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One of the advantages of converting the historical maps into digital form is that 
the maps can be manipulated and combined with other spatial data (Rumsey and 
Williams, 2002). In order to study and compare the historical stream locations with 
modem stream maps in GIS, the historical maps needed to be georeferenced. 
Georeferencing is a process whereby selected control points or locations on the maps 
were aligned with actual geographical location by linking each point to its equivalent on a 
modem accurate digital map (Rumsey and Williams, 2002). The study area of the 
georeferencing is in the northeast New Jersey, Lower Hudson basin (Figure 2.3), 
(http://www.state.ni .us/dep/ gis/digidownload/metadata/hydro02/flowline020301 .htm).
Stream network (2002) and road shapefiles from New Jersey Department of 
Environmental Protection (NJDEP), Office of Information Resources Management 
(OIRM), Bureau of Geographic Information Systems (BGIS) were used as modem 
accurate geographical locations. The modem stream network, figure 2.4, was downloaded 
from the department of Environmental Protection, New Jersey
(http://www.state.ni.us/dep/gis/digidownload/zins/statewide/nhdstreams20Q2shp.zip).
The road Topologically Intergrated Geographic Encoding and Referencing 
(TIGER) shapefile was downloaded from the NJ Department of Environmental 
Protection (NJDEP), Office of Information Resources Management (OIRM), Bureau of 
Geographic Information System (BGIS) website
(www.state.ni.us/dep/gis/tgr2000shp.html) and it contains year 2000 road information, 
divided by county, for the state level of New Jersey. Figure 2.5 shows the nine counties 
that were used for the georeferencing: Union, Morris, Essex, Passaic, Sussex, 
Monmouth, Hudson, Bergen, and Somerset.
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Six fifteen minute quadrangle maps in northeastern New Jersey were 
georeferenced: Greenwood, Morristown, Plainfield, Ramapo, Paterson, and Staten Island, 
New York. The locations of the maps with reference to the modem stream network are 
shown in figure 2.6.
2.4 Control points
After adding stream network and road network to the ArcMap v. 9.3 (ESRI, 
Redlands, CA), control points were established and aligned to known geographic 
locations on the earth’s surface (feature classes such as river and road networks) that have 
real world coordinate system (Price, 2010). Control points chosen to georeference the 
maps are historical road intersections and stream junctions on the maps that have modem 
equivalents on the stream and road networks so as to establish the geographic coordinates 
of the maps (Figure 2.7). The historical road intersections and stream junctions on the 
maps were chosen because they remain virtually unchanged over the years and can be 
easily be aligned with the same road intersections and stream junction from the modem 
maps.
2.5 Rubber sheeting
Rubber sheeting is a rectification method whereby the control points on the maps 
are adjusted to find best fit for all parts of the maps. The historical map is stretched, 
pulled, and resized (shrunk or expanded) by different amounts in different areas to get a 
good fit (Price, 2010).
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2.6 Steps taken to georeference
The steps taken and processes of using GIS for the georeferencing are as follows. 
ArcGIS is opened and ArcMap is selected from the menu. ‘A new empty map’ is selected 
from the options (Figure 2.8), and then the document is then saved using ‘Save As’.
The ‘Add Data button’ (Figure 2.8) was used to add stream network (Figure 2.9) 
and road (TIGER), then the maps to be georeferenced is added as shown in Figures 2.1 
and 2.10.Each map was divided into four parts according to cardinal directions: northeast, 
northwest, southeast and southwest (Figure 2.1).
From the Menu bar, View is clicked and ‘Georeferencing’ is selected from the 
options. The map to be georeferenced is then magnified using the ‘Zoom in’ button so 
that the features could be seen clearly (Figure 2.11).
The “Add control points’ button is clicked and a point is made on the location on 
the historical map by clicking once. Another point is then made on location on the 
modem accurate digital map (stream network) that aligns with the geographical location 
of the historic map (Figure 2.12). This is done to link each point on the historical map to 
its equivalent on a modem digital map layer such as a road intersection. The control 
points are spaced throughout the map so as to enhance the adjustment of the map to the 
digital one, then ‘Update georeferencing’ is selected from Georeferencing icon.
The modem stream network layer is then turned off (deselected from the Table of 
Contents in ArcMAP) and the road (TIGER) layer is turned on. The processes were 
repeated with the road network where locations on modem accurate digital map (road 
network) which aligned with actual geographical locations of the map.
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2.7 Root Mean Square (RMS) Error
After rubber sheeting there were offset (distance) in the two sets of the control 
points between the historical and modem maps, therefore, the algorithm calculated a root 
mean square (RMS) error between the two sets of points. The RMS error is generated any 
time more than three control points are used, as that is the minimum number of points 
needed to geometrically define a plane. As soon as the fourth point is added, an RMS 
error is generated. The RMS error served as measure of accuracy of the transformation 
(Price, 2010). The RMS errors are reported in the map unit, which in this case are feet 
(Figure 2.12).
The historic and modem points (Figures 2.12 and 2.13) could not match precisely 
on top of each which leads to residual error. The residual is the value by which the points 
are still offset, and in this case is 80 feet (Price, 2010). Second-order transformation was 
used for the map which reduced the residuals and RMS error (Price, 2010). Finally, 
‘Update georeferencing’ is selected from Georeferencing icon to mbber sheet the 
historical map into its proper geographic space. Figure 2.14 below shows all the maps 
georeferenced using the stream network and road network.
2.8 Editing
Editing is used in ArcMAP to create entirely new feature class, which in this case 
will be the historic stream network. The feature classes contain the number and length of 
historical streams which are had disappeared when comparing old maps with stream 
network.
From the ArcCatalog, a new folder was created and named “Old stream map”. 
Before editing could be done some shapefiles were created and saved and stored in the
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new folder, “Old stream map”. A shapefile contains one feature class composed of 
points, line or polygons but never a mixture (Price, 2010). To create a new shapefile, the 
directory is right clicked and “New” was selected and then shapefile (Figure 2.15).
The map and year were chosen for shapefile’s name, for example, Str_Gre_1910. 
“Polyline” was selected which was followed by the selection of “edit” to do 
georefrencing and “Import” was selected and a map for editing was added (Figure 2.16). 
After adding the map the spatial reference properties followed by “projected and 
geographic coordinate systems” were displayed as shown in Figure 2.17 and 2.18.
The maps were then digitized using the editor. The Tools in the ArcMap menu bar 
was clicked and Editor Toolbar was chosen from the options (Figure 2.19). The Editor 
toolbar control the process of editing (Price, 2010). From the Editor toolbar (Figure 2.20) 
at the bottom of the screen, the editing function, “Start Editing”, was turned on (Figure 
2.21) and the folder to be edited was identified for editing (Figure 2.22).
The old maps and stream network (flowline) were observed thoroughly using a 
map scale of 1:10,000 to detect streams that had disappeared (Figures 2.23and 2.24). 
Figure 2.25 below shows some streams in the old maps which are not in modem stream 
network. These buried streams (Figure 2.26) were digitized by clicking on the length of 
the streams using the Editor. At the termination point it is double clicked (Figure 2.27). 
The edits were then saved and “Stop Editing” is selected from “Editor “.
2.9 Attribute Table
An attribute table consists of rows and columns that record information about the 
feature displayed on the map (Figures 2.28 and 2.29). The lengths of the digitized streams
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were calculated by creating a new table at the attribute table which contains rows of 
information for the feature, for example, Str_patr_1900.
From the “Options”, “Add Field” is selected and name and type were chosen for 
the new table. “Length” is the name given to the new table while “Long integer” was 
chosen for type so that length would be calculated without decimal, which means the 
length will be rounded to whole number (Figure 2.29). The length is then calculated by 
right clicking on the “Length” and “Calculate Geometry” is selected from the “Options” 
(Figure 2.30). The unit (km) for the table is then selected as shown in Figure 2.30 and the 
calculated length is shown in figure 2.31.
13
Figure 2.1: USGS Fifteen minute Paterson’s quadrangles from year 1900, downloaded 
from http://historical.mvtopo.com
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Figure 2.2: Map showing the alignment of all the four quarters of Paterson, New Jersey
(W atershed M anagem ent A reas shew n for Reference Only*
Figure 2.3: Maps showing the basins of New Jersey and stream network(NJDEP). The 
study area is within the Lower Hudson Basin.
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Figure 2.4: Stream network of northeast New Jersey









Figure 2.6 Stream network and the fifteen minute quadrangles after they were 
georeferenced.
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Figure 2.7: Paterson map and stream network. The intersection of Passaic and Saddle 
Rivers is shown on the map and was used as a control point that could be identified both 
on the historical map and modem GIS shapefile
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Figure 2.13: The link between the control points on the map and road networks
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Figure 2.14: All maps georeferenced with stream network and road network.
27
Figure 2.15: The diagram shows how shapefile was created.
Figure 2.16: Diagram showing parameters using in creating a shapefile.
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Figure 2.17: Spatial reference properties: The XY coordinating system.
-  h i  •'■¡►«•vi­
a l  * o * * * f3 C r3 r.
c Q i
-  X! U H * l » » * ®
■ SE 'wti«' w
-  B  a M r s . n i- È <*“• h
a  * j s « - . u  dt
M l >« r-m »jwl »
^ j r w w r i a O G
f" MÉ > .**»> ^  k«t«H
! CoW.*’'fl*?l « *  -.xH#rr 2  * *» # . T  3v
. j  B r i M M p
-  T g  /.tìftH fffiv  .*«.
J B K  
J C 9 i £ n  
-4*w* *rtP
t g r y ?  m  w w n w » f * r
Figure 2.18: Diagram showing the Projected and Geographic Coordinate Systems.
Figure 2.19: How to add editing toolbar from Tools.
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Figure 2.20: The Editor toolbar
33
Figure 2.21 : How to start editing
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Figure 2.24: Satellite image showing part of stream buried in figure 2.23. Image from
Google Maps.
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saved in the new shapefile.
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The georeferencing and digitization of the maps showed that some streams that 
were indicated on the old maps are not shown on the 2002 stream network GIS shapefile 
obtained from the NJDEP. The analyses and the results for each map are stated below.
3.2 Plainfield, NJ Quadrangle
The Plainfield map is USGS fifteen Minute Series with latitude boundaries 40°
45’ N and 40°30’N while the longitude is between 74°15’ W and 74°30’W. The Map of 
1905 that were surveyed 1887 and revised in 1899 was used for the digitalization and 
georeferencing.
Figures 3.1 and figure A2.1 show digitized streams of Plainfield. The purple 
polylines are the streams indicated on the historical Plainfield quadrangle of 1905 which 
are no longer indicated in the stream network (2002). The attribute table is shown in table 
A3.1; it shows that 170 buried streams were digitized totaling 126.4 km length.
3.3 Paterson, NJ Quadrangle
The Paterson map is USGS 15 Minute Series between latitudes 41°N and 40° 45’ 
N and longitude 74° W and 74°15’ W. The Paterson map (1900) georeferenced was 
surveyed in 1887, 1889 and 1897. Figures 3.1 shows digitized streams of Paterson and 
the light blue polylines are the streams indicated on the old Paterson map of 1900 which 
are no longer indicated in the stream network (2002). Table A3.2 shows the attribute 
table of the streams digitalized. Seventy-five (75) buried streams were digitalized while 
the total length is 58.3km.
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Figure 3.1 : Digitized buried streams of northeast New Jersey.
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3.4 Staten Island, NJ Quadrangle
The Staten Island map is USGS 15 Minute Series with latitude: 40° 45’ N and 40° 
30’N and longitude between 74° W and 74°15’ W. Map of 1898 that was surveyed 1888, 
1889 and 1897 was used for the digitalization and georeferencing.
Figures 3.1 shows digitized streams of Staten Island. The rose polylines are the 
streams indicated on the old Staten Island of 1898 which are no longer indicated in the 
stream network (2002). The attribute table, Table A3.3, shows that 22 buried streams 
were digitalized while the total length is 29.9km.
3.5 Morristown, NJ Quadrangle
The Morristown map is USGS 15 Minute Series with latitude: 41°N and 40°45’S 
while the longitude is between 74°15’W and 74°30’W. 1906 map surveyed in 1887 and 
revised in 1903 was used for georeferencing.
Figures 3.1 and figure A2.6 show digitized streams of Morristown. The red 
polylines are the streams indicated on the old Morristown of 1906 which are no longer 
indicated in the stream network (2002). The attribute table, table A3.4, shows that twelve 
(12) buried streams were digitalized and the total length is 11.9km.
3.6 Ramapo, NY Quadrangle
The Ramapo map is USGS 15 Minute Series with latitude: 41°15’N and 41°S and 
longitude between 74° W and 74°15’W. This map of 1910 that was surveyed 1882, 1888 
and revised in 1909 was used for the digitalization and georeferencing.
Figures 3.1 show digitized streams of Ramapo and the green polylines are the 
streams indicated on the old Ramapo of 1910 which are no longer indicated in the stream
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network (2002). Table A3.5 which is the attribute table shows that six (6) buried streams 
were digitalized with total length is 4.1km.
3.7 Greenwood Lake, NJ Quadrangle
The Greenwood map of 1910 is USGS 15 Minute Series with latitude: 41°15’ N 
and 41°N, while the longitude is between 74°15’ W and 74°30’W. The georeferenced 
map was surveyed between 1882 and 1888 and revised in 1909. Figure 3.1 and figure 
A2.10 show digitized streams of Greenwood Lake. The yellow polylines are the streams 
indicated on the old Greenwood of 1910 which are no longer indicated in the stream 
network (2002). Two buried streams totaling 1.2 km in length were measured (Table 
A3.6).
3.8 Combined statistics of the digitalized streams
From the georeferencing and digitalization of the all maps, Plainfield quadrangle 
of 1905 and Paterson of 1900 have the highest number of streams that are no longer in 
the stream network (2002). Also, total length of all buried streams digitalized in 
Plainfield is higher than all the other maps (Figure 3.1). Table 3.1 and Figure 3.2 show 
the statistics of all the maps.
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Paterson 1900 75 58.27 0.05 1.99 0.78
Morristown 1906 12 11.94 0.19 3.17 1.00
Greenwood 1910 2 1.19 0.43 0.77 0.60
Ramapo 1910 6 4.11 0.06 1.11 0.68
Plainfield 1905 170 126.39 0.09 5.23 0.74
Staten
Island
1898 22 29.90 0.02 3.46 1.36
TOTAL 287 232.10
Table 3.1: The combined statistics of the digitized streams
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Figure 3.2: Chart showing number of streams buried in all the maps. Plainfield has the 




Among many human activities that cause habitat loss, urban development 
produces some of the greatest local extinction rates and frequently eliminates the large 
majority of native species and replacement with normative species (McKinney, 2002). As 
urbanization and population growth increase together more natural habitats are converted 
into human ecosystems (Foin, 1976). Between the first census in 1790 to 1970, the 
population of United States grew in exponential fashion from 3.9 million to 207 million 
(Foin 1976), and is 308.7 currently from the 2010 census.
Also, the developed land area of the US increased by 14.2 million hectares 
between 1982 and 2003 and it is projected that US population would increase to 1360 
million by 2030. This land development driven by population growth will have a number 
of social, economic and ecological implications (White et al., 2008).
More than 75% of the U.S population lives in the urban areas and one of the 
effects of changing demography is the landscape transformations which have effects on 
stream ecosystems (Paul and Meyer, 2001). Paul and Meyer (2001) also state that over 
130,000 km of streams and rivers in the United States are impaired by urbanization. May 
et al. (1997) stated that the natural resources most directly affected by watershed 
development are small streams and associated wetlands. Apart from increase in 
impervious cover, loss of natural vegetation, land clearing, soil compact, modifications to 
the surface water drainage and riparian corridor encroachment due to urbanization (May 
et al. (1997)), the study shows that some streams disappeared or were buried. Addition of
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parking lots to suburb (shopping centers, malls, large commercial developments) could 
be one of the factors for burying streams.
Table 4.1 show the population of some counties between 1900 and 2000 and 
population growth goes with increase in buildings, businesses and infrastructures such as 
road which will always have environmental impacts such as streams burial. Though the 
table shows population growth between 1900 and 2000, some streams were already 
buried by 1900.
4.2 Why more streams were buried in Paterson and Plainfield quadrangles.
All the counties show increase in population between 1900 and 2000 and the sum 
of roads in the counties show that nature (streams, vegetation) would have been altered or 
destroyed during the construction. Plainfield quadrangle is in Union county of New 
Jersey and the population of Union County in 1900 and 2000 was 99,353 and 522,541 
(U.S. census) respectively. Union County has land area of 103.29 square miles and 
persons per square mile (2000) are 5,073.2.
This study shows that more streams were buried in Plainfield quadrangle and one 
of the reasons could be increase in population and population density as well. Between 
1900 and 2000 (Table 4.1), the population grew more than 5 times. Union county has 
smaller land area compared with Morris and the population in Union is more than in 
Morris County, resulting in a higher population density in Union.
Paterson, New Jersey, is considered as the cradle of the industrial revolution in 
America and was founded in 1791 (American Folklife Center, Library of Congress, 2002). 
It is also the nation's first planned industrial area and the site of the first attempt in the 
United States to harness the power of a major river at the Great fall on the Passaic, for
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industrial purposes (Taylor, 1994). Paterson later became the largest silk manufacturing 
center in the nation as well as a leader in the manufacture of many other products, from 
railroad locomotives to firearms (American Folklife Center, Library of Congress, 2002). 
All these developments come with associated environmental degradation such as 
culverting of streams.
4.3 Implications to environment
Buried streams often create as many environmental problems as they solve. One 
of the problems is that biodiversity of the buried stream will be negatively affected. 
Another threats to biodiversity is the habitat loss and destruction as a direct result of 
human activity and population growth and these are major forces in the loss of species, 
populations, and ecosystems (ESA, 2011). For example, underground pipes designed to 
carry water can prevent fish from migrating upstream which can lead to extirpation of 
native species. These changes can also result in decline in the richness of algae and 
invertebrate in urban streams (Paul and Meyer, 2001).
Another problem with buried streams is the exacerbation of flooding from the 
impeding of flood flows. Unlike natural streams which can overflow their banks, culverts 
can only carry a finite amount of water, leading to the flooding of streets, homes, etc. The 
increasing water pressure and velocity by constraining the water to a small diameter can 
also cause erosion and water quality problems downstream. The culverts can also fail and 
collapse over time, placing overlying structures and downstream areas at high hazard 
risk.
Buried stream also leads to loss of riparian buffers such as grasses and buffers. 
Buffers naturally provide bank stabilization and aquatic and terrestrial habitat. Riparian 
buffers can serve as Best Management Practices (BMP) - effective methods through
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which movement of sediment and other pollutants from the land to stream can be 
prevented or reduced. So riparian buffers can protect the stream from nonpoint source 
pollution which improves the water quality since riparian buffers, for example riparian 
buffers have efficiency to remove nitrogen (Sabater et al., 2003).
Recreational activities are also affected because people, especially children, can 
be denied of activities such as nature walk or sight-seeing for aesthetics purposes which 
are done to refresh, renew and stimulate people.
4.4 Stream restoration
Hydrologic impacts from urbanization include water quality problems such as 
sedimentation, increased temperatures, habitat changes, and the loss of fish populations 
(USEPA, 2010). One of the solutions to restore streams to near natural state is stream 
restoration, a management process striving to re-establish the structure and function of 
ecosystems as closely as possible to the pre-disturbance conditions and functions 
(Wagner et al., 2008). The awareness for recreational, aesthetic, and public involvement 
benefits and of increased availability of funding has increased stream restorations in 
urban areas (Purcell et al., 2002).
Daylighting is a form of stream restoration which has considerable positive 
impacts, including ecological benefits, reduced flood risks, recreation for local 
communities and a stimulus for regeneration (Wild et al., 2010).
4.5 Daylighting challenges
One of the challenges of daylighting is the cost. Daylighting a stream can be 
expensive due to many factors. Daylighting projects are linked to costly activities such 
as technical studies, design work and permit application, property acquisition, excavation
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and rough grading, hauling fill, materials for stream bed and in-channel structure, 
vegetation purchases and hand labor for final grading and planting (Bucholz and Younos, 
2007).
A case study evaluation of urban stream day lighting in 2007 by Virginia 
Polytechnic Institute and State University shows that the cost of daylighting depends on 
several factors. The length of stream to be daylighted is important, with the longer the 
length, the higher the costs. Secondly, urban location is also an important factor. 
Constraints such as purchasing and/or demolishing private property can add to restoration 
costs. (Buchholz and Younos, 2007).
Table 4.2 below shows cost per ft and km of construction that are grouped into 
small, medium and large scale projects and the estimated cost of daylighting per km of 
buried stream is $3.1 million. The Plainfield map that lost 126km of streams would 
require $391 million to daylight while Paterson map which lost 58 km of stream may 
require $156 million to daylight (Table 4.2). Also, Morristown, Greenwood Lake, 
Ramapo and Staten Island would require 37 million, 3.7 million, 13 million and 93 
million respectively.
Finding historical maps and old channels can be another challenge to daylighting. 
Because historical maps show the topography, physical and cultural features of historical 
places that can be compared with new maps to see the detailed changes over time, they 
are often useful to scientists, historians, environmentalists, genealogists, and others 
researching a particular geographic location or area (USGS, 2011). For example, 
historical maps were used to find out old stream channels that are no longer in the new 
stream network. Historical maps are also stored in a limited number of collections and are
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not readily available and it is a challenge to calibrate a historical map what was drawn in 
a projection and map datum not supported (USGS, 2007).
Finding the old stream channel can be difficult and involve historical research, 
examination of soils, and looking at the channel characteristics upstream and downstream 
(Pinkham, 2000). Though many rivers can be restored to their original channel, 
sometimes a new channel must be engineered (EPA, 2005).
Another challenge is awareness of the community. People can be easily convinced 
about problems that can be seen such as surface stream restoration, but they may not 
know that historical streams are under the ground in culverts. Also, they may be unaware 
about the consequences, and that the streams’ absence results in degraded water quality 
or lost habitat, so daylighting projects may require extra community education and 
outreach to help people visualize the potential (Pinkham, 2000).
Lastly, daylighting is not only about digging out the streams; there are some 
measures to be taken into consideration for the successful project. Flow control 
structures and flood control measures must be incorporated into the design of the new or 
restored channel. Also, planting, restoring, and maintaining stream bank vegetation and 
providing a diversity of in stream habitat for submerged aquatic vegetation, fish, and 
aquatic insects are important aspects of the stream restoration project (EPA, 2005).
4.6 Benefits of daylighting
There are many reasons and advantages to digging out a culvert and restoring its 
original stream channel. Ecologically, stream daylighting can improve riparian habitat 
adjacent to the stream channel (Buchholzm and Younos, 2007). Governor Paris 
Glendening, of Maryland, in 1999 noted that we must invest in our environment -  our
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forest, wetland, stream and rivers the way we invest in our human and capital 
infrastructures. The streams are part of green infrastructure which is define as 
“interconnected network of waterways, wetlands, woodlands, wildlife habitats, and other 
natural areas; greenways, parks and other conservation lands; working farms, ranches and 
forests; and wilderness and other open spaces that support native species, maintain 
natural ecological processes, sustain air and water resources and contribute to the health 
and quality of life for America’s communities and people” (Benedict & McMahon, 
2002). Stream daylighting is one manifestation of green infrastructure has many benefits 
to the community (Buchholz and Younos, 2007).
The restored habitat improves water quality by providing a riparian buffer and 
increasing biodiversity. The restored habitat could also beautify the neighborhoods and 
reconnect people to nature through the look, feel, and smell of open water and riparian 
vegetation (Buchholzm and Younos, 2007). It also restoring sediment and flow regime, 
channel morphology, communities of native aquatic plants and animals (Wagner et al., 
2008).
An example of a successful daylighting project was the one completed in Kansa. 
This project uncovered the Cow Creek, Kansas, ran underneath the road and the 
daylighted Creek became part of a newly created park (Pinkham, 2000).
4.7 Conclusions
Though daylighting projects are becoming a more popular method of river 
restoration, from the study the entire stream buried cannot be daylighted due to many 
factors. One of the factors is cost which makes complete daylighting of the streams
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economically unrealistic. For example, it would require 694 million dollars to daylight all 
the streams lost in maps.
Cost also varies by how intense the place is urbanized because it is costly to 
delighting in the well-developed areas because of the property. Most of the streams 
covered are close to infrastructures such as road and building (Figure 4.1), so selected 
sites where the daylighting benefits lots of people, or endangered species, or improve 


























Union 99,353 522,541 425.9 371.4 267.5 1953.3 2516.2
Passaic 155,202 489,049 215.1 323.4 479.9 1019.1 2497.1
Essex 359,053 793,633 121.0 1097.9 327.0 2426.7 2928.9
Hudson 386,048 608,975 57.8 3192.3 120.9 5035.8 1124.9
Morris 65,156 470,212 621.7 53.6 1214.7 387.1 4703.6
Bergen 78,441 884,118 1027.1 129.3 606.5 1457.7 5159.9
Table 4.1 showing data for the counties used in t îe study (U  S census)
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Small scale < 250 linear feet < 0.0762 linear km
Average length 144 lin. ft 0.0043 lin.km
Average cost $9,800 $9,800
Cost/lin. Foot or km $68.05 $260,029.39
Medium scale = 250- 1000 
linear feet
= 0.0762 - 0.3048 
linear km
Average length 480 lin. ft 0.146304 lin.km
Average cost $48,250 $48,250
Cost/lin. Foot or km $100.05 $384,074,021
Large scale = >1000 
linear feet
= > 0.3048 linear km
Average length 2,287 lin. ft 0.6970776 lin.km
Average cost $1,857,250 $1,857,250
Cost/lin. Foot or km $812.09 $3,102,866.23
Table 4.2: Stream Daylighting Average Cost Breakdowns by Length (Buchholz, T and 
Younos,T, 2007).
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Figure 4.1: The diagram above shows that some of the streams (purple) covered 
are close to roads and may be costly to daylight.
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Appendix 1 : Historical maps of the quadrangles,
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Figure A l.l: Paterson Northwest, NJ quadrangle, USGS 15 minute series (1900).
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Figure A l.3: Paterson Southwest, NJ quadrangle, USGS 15 minute series (1900).
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Figure A l.7: Morristown(Southwest), NJ quadrangle, USGS 15 minute series (1906).
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Figure A l.9: Plainfield (Northwest), NJ quadrangle, USGS 15 minute series (1905).
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Figure A l.13: Greenwood (Southwest), NJ quadrangle, USGS 15 minute series (1910).
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Figure A1.14: Greenwood (Southwest), NJ quadrangle, USGS 15 minute series (1910).
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Figure AL 15: Staten Island (Northwest), NJ quadrangle, USGS 15 minute series (1898).
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Appendix 2: Digitized streams













Figure A2.3: By comparing this image with the satellite image (Figure A2.4), the area 





















Figure A2.8: Satellite image of area shown in Figure A2.7. The circle shows the location 









Figure A2.10: Digitized, buried streams are represented by yellow polylines for the 
Greenwood Lake quadrangle.
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Appendix 3: Geographic Information Systems attributes of digitized, buried 
streams.
Table A3.1: Length of digitized streams from Plainfield quadrangle. All shapes are 
polylines.
Length Length




















































































































































































Table A3.2: Length of digitized streams from Paterson quadrangle. All shapes are 
polylines.
Length Length













































































Table A3.3: Length of digitized streams from Staten Island quadrangle. All shapes are 
polylines.
Length Length












































Table A3.5: Length of digitized streams from Ramapo quadrangle. All shapes are 
polylines.
Length Length








Table A3.6: Length of digitized streams from Greenwood Lake quadrangle. All shapes 
are polylines.
Length Length
FID m eters kilom eters
0 769.4 0 .7694
1 425.0 0.4250
100
